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1. Introduction 
In this chapter we will review the use of x-ray computed tomography (CT) scanning in the 
field of archaeology. The story will be told in roughly chronological order, starting with the 
first reported use of a CT scanner in the field of archaeology and then look at some some 
possibilities for the future. Since the introduction of the x-ray CT scanner in the 1970’s the 
quality of the images has steadily improved enabling the role of the CT scanner to expand 
into the field of archaeology. In the context of this chapter, archaeology will be deemed to 
include the study of ancient human remains and artefacts but exclude remains from pre-
history, which normally comes under the heading of palaeontology. (It would perhaps be 
appropriate to note that CT scanners have been successfully applied in the study of fossils). 
CT scans have mostly been used to study mummies but have also been used to examine 
other archaeological artefacts such as clay tablets, scrolls, pottery, bronze statues and 
swords. 
2. Use of plain x-rays in archaeology 
Before reviewing the use of CT scanning in the field of archaeology it would perhaps  
be useful to briefly review the role of conventional plain x-rays in archaeology to set the 
scene. X-rays were first used to look inside a mummy in 1898, just three years after the 
discovery of x-rays by Wilhelm Roentgen in 1895. In the same year, a scientist by the name 
of Konig x-rayed a mummified child and cat in Frankfurt, Germany, followed by Thurstan 
Holland in Liverpool, England, who x-rayed a mummified bird. In 1898, the famous 
archaeologist, Sir Flinders Petrie used x-rays to examine Egyptian mummies, followed by 
Elliot Smith and Howard Carter in 1904, and two French journalists, C. Leleux and M. 
Gouineau, in 1926. 
During the 1960’s a British radiologist of the name of Gray (Dawson and Gray, 1968) carried 
out the most comprehensive x-ray examination of Egyptian mummies. Gray studied 133 
mummies and found that osteoarthritis of the spinal column was common and that 30% of 
all the mummies had lines of arrested growth, most likely caused by periods of famine.   
Many post-mortem fractures and dislocations were also found. On plain x-rays, post-
mortem fractures can be distinguished from ante-mortem fractures as post-mortem fractures 
show no evidence of healing. The presence of post-mortem fractures in mummies suggests 
that occasionally embalmers could be rough, which was likely to happen when there was a 
backlog of bodies stacked on top of each other waiting to be mummified, which might occur 
for example in an epidemic.  
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A 21st dynasty  male and female mummy on display in the Albany Institute of History and 
Art, Albany, New York, which were originally bought from the Cairo museum in 1909, 
underwent a series of CT scans and plain X-rays (Wagle 1994). The X-rays showed that the 
female mummy was given a two-component foot prosthesis by the embalmers, an 
indication of the importance the Egyptians placed on the body being complete in order for 
the soul to exist in the afterlife. 
In 2001, Cessarini et al performed CT scans on 13 mummies from the Egyptian Museum in 
Torino, Italy using a multi-dector CT scanner. An advantage of using this type of scanner is 
that whole body can be scanned quickly in a single session without the need to re-position 
the body between scans and register different sets of images. The group used a computer to 
perform virtual endoscopy on the mummies, i.e. the computer was used to display views 
from inside the body as if an actual endoscope had been placed inside the body. 
A group at the Orthopaedic University Hospital Balgrist, Zurich, performed a CT guided 
biopsy on the mummy of an Egyptian child from the Museum für Völkerkunde in Burgdorf, 
Switzerland (Rühli 2002). The mummy had been previously x-rayed in the 1920s and 
researchers had concluded that the child had died from spinal tuberculosis. However, a 
sample of lumbar vertebral bone showed that the bone had disintegrated after death and 
therefore TB was not the cause of death. 
In 2008, Chan et al published a paper describing a CT study of a female mummy from the 
Egyptian city of Akhmim (about 470 km south of Cairo on the east bank of the Nile) dating 
from the Ptolemaic period (305 – 200 BC). The mummy is in the collection of the Academy of 
Natural Sciences in Philadelphia, Pennsylvania. The mummy was x-rayed at the 
Hahnemann University Hospital, Philadelphia using a GE Medical Systems 16-detector row 
helical CT scanner. The main purpose of the study was to determine the social status of the 
mummy on the basis of the embalming technique used.  
The CT scans showed that the quality of embalming was good, although the body showed 
signs of decomposition prior to embalming. There was no obvious physical cause of death. 
Scans showed that the brain had been removed through the nose and only one of the four 
molars had erupted indicating the mummy was probably 17 – 25 years old at death. The CT 
scans showed an unusual dislocation of two of the two cervical vertebrae at the top of the 
spinal column (C1 and C2). The authors suggest that this dislocation occurred as a result of the 
body lying in the river Nile after death. According to Herodotus, if the people of a town found 
someone dead in the Nile they embalmed them as if they were of high social status. Therefore 
it is possible that the young girl was found floating in the river near Akhmim and given a top 
quality embalming even although she was unknown to the inhabitants of the city.  
An interesting CT study was performed on 22 mummies from the Egyptian National 
Museum of Antiquities in Cairo in February 2009 (Allam et al, 2009). The mummies were 
dated as being from 1981 BC – AD 334. Seven out of eight mummies who were over 45 years 
old when they died showed evidence of arteriosclerosis, whereas only two out of eight 
mummies younger than 45 showed evidence of ateriosclerosis. This study demonstrates that 
in ancient Egypt people suffered from arteriosclerosis and therefore arteriosclerosis is not 
exclusively a disease of modern society related to diet and sedentary life style. Potentially, 
this finding could lead to new approaches to finding a cure for arteriosclerosis. 
6. The Ice Man 
The Ice Man (Otzi) is probably the most famous mummy of recent times. Otzi’s head and 
upper torso were found protruding out of the ice in the Austrian Alps by German hikers in 
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showing the presence of artificial glass eyes inserted into Jeni’s shrunken sockets after her 
body was dried in the embalming process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Jeni on the CT scanning couch in the radiology department of St. Thomas’ Hospital, 
London. (The author is on the left). 
 
 
Fig. 2. CT scan through Jeni’s head before (a) and after (b) adjustment of the range of the 
pixel values displayed in the image enabling different features to be seen. 
Figure 2b shows the same scan as in figure 2a but with a different range of CT numbers used 
to display the image. This exemplifies the power of digital CT over CT images stored on 
film. Digital images can be manipulated in various ways to bring out particular features. For 
example in the images above it can be seen that the artificial eyes have two components –a 
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denser outer eye, and a less dense inner eye and Jeni’s head appears to be empty. Both 
versions of the image show that the nasal septum and ethmoid bone have been broken. 
However, when the image is adjusted (a process known as windowing) it is apparent that 
Jeni’s head is not empty but is filled with some kind of low density material, most probably 
linen that appears to converge on the nasal cavity. A 3D reconstruction of the lower half of 
the head confirms that linen passes through from the cranium into the nasal cavity 
indicating that the embalmers inserted the linen through the nose into the cranium. 
 
 
Fig. 3. 3D reconstruction of the lower half of Jeni’s head showing the linen (in false colour) 
converging on the nasal cavity. 
Sometimes the embalmers extracted the brain through the foramen magnum which is the 
hole in the base of the skull through which the spinal cord enters the cranium.  
A 3D reconstruction of the linen inside Jeni’s head reveals that the brain was extracted 
through the nose rather than through the foramen magnum. The reconstruction shows cloth 
protruding from the nasal cavities into the otherwise empty cranial cavity. This would not 
have happened if the cloth was pushed through the foramen magnum. This is a good 
example of the advantage of CT over plain x-rays. The remains of the heart can be seen as 
well as four organ packs corresponding to the mummified and repackaged lungs, intestines, 
stomach and liver. Each of the organ packs encloses a wax figurine representing of one of 
the four sons of Horus.   
The teeth are in good condition with little signs of wear, which, in view of the gritty diet of 
the Egyptians, indicates that Jeni was probably between 19 and 23 years old when she died. 
A young age of death is also suggested by analysis of the shape of the molar teeth. Neither 
the plain x-rays nor CT scans reveal an obvious cause of death. The plain x-rays reveal that 
three of Jeni’s back ribs on the right side, as well as the right side of the pelvis have been 
fractured, possibly indicating a fall or some kind of collision with an animal or chariot as the 
cause of death.  An image of 3D skull was used by an artist to draw a picture of what the 
mummy may have looked like during life (figure 4). Morphological analysis of the skull 
revealed that Jeni was most likely an Egyptian female (Hughes, 2005). Other researchers 
have also used CT scans to reconstruct faces (Hill 1993, Manly 2002). 
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Fig. 3. (a) CT scan through Jeni’s abdomen showing the remains on the heart and spinal 
cord. (b) CT scan through Jeni’s legs showing the femoral arteries. 
 
 
Fig. 4. The steps involved in constructing a picture of what a mummy may have looked like 
during life, starting from a frontal oblique view of a 3D reconstruction of a skull. 
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